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A Coarse-Grained Model for Unfolded Proteins
Ali Ghavami, Erik Van der Giessen, Patrick Onck.
There is increasing evidence that natively-unfolded proteins play a key role
in many important biological processes, including nucleocytoplasmic trans-
port. In this work we propose an implicit solvent one-bead per amino-acid
coarse-grained molecular dynamics model to study the characteristics of
unfolded proteins. Experimentally-obtained Ramachandran plots for the
coil regions of proteins are converted into distributions of pseudo-bond
and pseudo-dihedral angles between neighboring alpha-carbons in the poly-
peptide chain. These are then used to derive bending and torsion potentials,
which are residue- and sequence-specific. We show that the radius of gyra-
tion of denatured proteins can be well predicted by the developed poten-
tials.
Figure 1 shows the radius of gyration (Rg) as a function of the number of
residues (N) for a range of denatured proteins. Both our simulation resultsand experimental data can be well fitted
to a power-law relation with a similar
exponent. The experimental data are
slightly overestimated, which could be
explained by the presence of hydropho-
bic clusters and residual structures for
the used experimental conditions. In
future work our model will be extended
to include hydrophobic and electrostatic
effects as well.306-Pos Board B106
Impact of Covalent Modifications on Binding and Conformational
Propensities of Histone Tails
Davit Potoyan, Garyk Papoian.
Histone tails are highly flexible N terminal protrusions of histone proteins
which help to fold DNA into dense superstructures known as chromatin. On
a molecular scale histone tails are polyelectrolites with high degree of confor-
mational disorder, allowing them to function as bio-molecular ’’switches’’,
regulating various genetic regulatory processes via diverse types of covalent
modifications. Because of being intrinsically disordered, the structural and
dynamical aspects of histone tails are still poorly understood. In this work
we have investigated the impact of experimentally well studied covalent mod-
ifications on conformational and DNA-binding propensities of H4/H3 histone
tails(methylation/acetylation respectively). We carried out long time REMD
simulations on wild-type and covalently modified forms of H4/H3 tails in
presence of explicit water and ions. Our results demonstrated how covalent
perturbations impact the stability of secondary structural elements that are
present in the wild-type forms. We reconciled some of our previous results
with in vivo experiments by probing DNA-binding energy landscapes of H4
and H3 tails showing that in presence of DNA intrinsic conformational pref-
erences are well preserved, which is manifested in formation of fairly similar
secondary structural elements upon binding. Our results also showed that
binding free energy gain is sufficiently small(~3kT) to set dynamic equilib-
rium between DNA-bound and unbound states. Additionally we have com-
puted the free energy profiles of DNA binding for wild and covalently
modified forms finding a correlation between binding strength and change
in stability of the chromatin fiber that takes place upon covalent modification
of H3/H4 histone tails.
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Broad Ensemble Generator (BEG): Software to Generate Ensembles
for Intrinsically Disordered Proteins
Stepan Kashtanov, F. Marty Ytreberg.
n this presentation the broad ensemble generator (BEG) software is introduced,
designed to efficiently construct diverse all-atom protein structures from
sequence information alone. The BEG software utilizes a build-up approach
where the protein chain is grown one amino acid at a time. All generated struc-
tures follow random spatial patterns by varying phi-psi angles along the peptide
bonds. There is also an option present to allow changes of amino-acid side-
chain torsions. Only steric interactions are currently included, but the method
is flexible enough to allow for other interaction types. The application of
BEG to generating structural ensembles for intrinsically disordered proteins
is also presented.308-Pos Board B108
Structural and Functional Characterization of a RecQ-Like Helicase
in S. cerevisiae with a 647 Residue Disordered Region
Jessica A. Kennedy, Gary Daughdrill, Kristina Schmidt.
Sgs1 is a RecQ-like helicase in budding yeast that functions in the maintenance
of genomic stability. In concert with the Top3 protein, Sgs1 has been impli-
cated in the repair of double strand DNA breaks, the restart of stalled replica-
tion forks, and as a resolver of DNA structural intermediates, including double
Holliday junctions. Loss of proper function in 3 of the 5 human homologs
(BLM, WRN and RecQL4) results in Bloom’s, Werner’s and Rothman-Thom-
son syndrome respectively, diseases characterized by a high incidence of can-
cer and/or accelerated aging. To date, genetic and structural studies have
focused primarily on the C-terminal region (residues 647-1447), which con-
tains a conserved, catalytic helicase region and associated domains. While
the N-terminal region has been implicated in several important events, includ-
ing Top3 binding and ssDNA annealing, little information has been gathered
about the structure and overall function of the first 640 amino acids. Here,
we show via computer models (IUPRED) that the first 647 amino acids of
Sgs1 are disordered. While little significant sequence homology exists for fun-
gal Sgs1 homologs, IUPRED models reflect a similar pattern of predicted dis-
order correlating to evolutionary distance from S. cerevisiae. The region
corresponding to vital Top3/Rmi1 binding (residues 1-125) in S. cerevisiae
has been purified and exhibits an NMR spectrum that is characteristic of a dis-
ordered protein, lending support to the computer models. Future studies will
focus on developing structural models for this fragment using chemical shifts
and residual dipolar couplings and determining how the structure changes
when bound to Top3. Data from these structural studies will be used to guide
the design of mutants that will be used in genetic studies of DNA damage.
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Expression of Soluble Recombinant Proteins via Translational Fusion
to Novel IDPS
Aaron A. Santner, Carrie H. Croy, Farha Vasanwala, A. Keith Dunker.
The heterologous production of proteins in Escherichia coli cells is a common
practice in basic research laboratories. However, overexpressed proteins fre-
quently aggregate as folding intermediates in insoluble inclusion bodies
thereby complicating downstream applications. While strategies have been de-
veloped to recover the aggregated proteins from inclusion bodies they are not
universally effective. An alternative approach is to express heterologous pro-
teins in the soluble form through the use of gene fusions. A variety of fusion
proteins have been described for this purpose including thioredoxin (Trx), malt-
ose binding protein (MBP), glutathione S-transferase (GST), and NusA. In this
work, we present a new set of intrinsically disordered polypeptide (IDP) fusion
partners that promote the soluble production of recalcitrant protein targets from
E. coli. A portfolio of recalcitrant proteins was expressed in E. coli as transla-
tional fusions to N-terminal 6xHis, 6xHis-MBP, or a set of 6xHis-IDP fusions.
Under a standard set of growth conditions the novel IDP-fusion proteins outper-
formed both the 6xHis and 6xHis-MBP fusion partners in promoting soluble
expression. Furthermore, the N-terminal fusions did not inhibit affinity-purifi-
cation, biological activity where tested, or fusion-tag removal by enterokinase
cleavage. The higher percentage of soluble protein recovered coupled to the pu-
rification and cleavage efficiencies make these novel intrinsically disordered
fusion tags attractive alternatives for protein scientists.
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Structural Basis for the Dynamic Behavior of a Family of Disordered
Proteins
Anne T. Pine, Katie M. Mishall, Wade M. Borcherds, HongWei Wu,
Gary W. Daughdrill.
Intrinsically disordered proteins (IDPs) are characterized by a lack of stable
tertiary structure and sample a dynamic range of conformations. When binding,
IDPs often transition from a disordered to ordered state, with helices being the
most common conformation adopted (1). The p53 tumor suppressor protein is
an IDP that transitions from an unfolded (disordered) to folded (ordered) state
upon binding. The p53 transactivation domain (TAD) forms an alpha helical
structure when it binds to either the 70 kDa subunit of replication protein
a (RPA70) or the murine double minute 2 protein (MDM2). We analyzed
chemical shifts of RPA70 after titrating with either human p53 TAD, or the ca-
nine p53 TAD homologue using 15N-1H HSQC NMR experiments. Human p53
TAD appears to bind to RPA70 with a higher affinity than canine p53 TAD.
Furthermore, canine p53 TAD is more dynamic than human p53 TAD, which
is consistent with the titration results. There are two mutations in the canine p53
60a Sunday, March 6, 2011MDM2 binding site, D21E and K24N. The aspartic acid and lysine residues at
positions 21 and 24 respectively, stabilize the helix of human p53 when bound
to MDM2. D21E and K24N point mutants were created in human p53TAD
using site directed mutagenesis. We are currently investigating how these
mutants affect the interaction with MDM2.
1. Cheng Y, LeGall T, Oldfield CJ, Mueller JP, Van YY, Romero P, et al.
Rational drug design via intrinsically disordered protein. Trends Biotechnol.
2006;24(10):435-42.
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Conformational Properties of Polyglutamine Sequences Under Denaturing
Conditions
Khurshid A. Khan, Bruce E. Bowler.
A number of diseases are caused by polyglutamine sequences in proteins
such as Huntington’s disease, spinocerebellar ataxia and many more. A better
insight into the behavior of polyglutamine sequences is essential for under-
standing their role in diseases. Therefore, it is worth studying the behavior
of polyglutamine sequences in one of the early steps of protein folding,
i.e. loop formation. To this end, we are looking into the thermodynamics
and kinetics of loop formation of polyglutamine sequences using engineered
yeast iso-1-cytochrome c, which forms a loop between His(-2) and the heme
in the denatured state. The His(-2) is part of a five amino acid N-terminal
extension which is not found in eukaryotic cytochrome c and readily accepts
homopolymeric inserts. All the inserts are between His(-2) and Ala(-1). Five
variants were made in such a way that each variant contains 1 to 5 sets of the
sequence QQQQQK. The lysine is present in order to maintain solubility.
Stability of these variants was measured by CD spectroscopy and is com-
pared with the previously reported polyalanine inserts [Tzul, F. O and Bow-
ler, B. E. Proc. Natl. Acad. Sci. USA, 107, 11364-9 (2010)]. pH titration
experiments were performed in 3 M and 6 M guanidine-HCl to measure equi-
librium His-heme loop formation with all variants. The scaling exponents for
loop formation are compared with those of polyalanine inserts in 3 M and 6
M guanidine-HCl, respectively. Kinetics of loop formation and loop breakage
for polyglutamine variants were performed by pH jump methods in both 3 M
and 6 M GdnHCl. The kinetics are compared with the previously reported
data for polyalanine sequences and with data for His-heme loop formation
in the denatured state of Rhodopseudomonas palustris cytochrome c’.
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Probing the Role of Disordered N- and C-Terminal Regions
During a-Synuclein Fibril Assembly
Thai L. Yap, Candace Marie Pfefferkorn, Jennifer Chen Lee.
a-Synuclein (a-syn) is a 140-residue, cytoplasmic, and membrane-associated
protein localized predominantly in the presynaptic terminals of neuronal
cells. Upon aggregation, a-syn undergoes a large conformational change
from an intrinsically disordered monomer to parallel, in-register and
highly-ordered b-sheet containing fibrils or amyloids. Importantly, the amy-
loid form of a-syn is the major proteinacious constituent in Lewy bodies,
pathological hallmarks of Parkinson’s disease. To date, the a-syn fibril
core has been indentified to be comprised of residues 30-100; however,
the molecular details pertaining to the disordered N-and C-terminal regions
in fibril formation remains ill-defined. Here, we report the use of single-Cys
mutants derivatized with an environment sensitive dansyl flurophore to pro-
vide residues-specific observations during the assembly events of monomeric
a-syn to fibrils. Interestingly, spectroscopic signatures of fluorophores at-
tached to residues in the disordered regions are more sensitive to the early
aggregation stages compared to that of residues at the fibril core region.
These residue-specific data support the proposals that the disordered N-and
C-terminal regions participate in interchain contacts prior to fibril assembly
and they may play a key role in the interactions between protofilaments in
forming the mature fibrils.
313-Pos Board B113
WWW.DISPROT.ORG: The Database of Disordered Proteins
Caron Morales.
The Database of Protein Disorder (DisProt) links structure and function infor-
mation for intrinsically disordered proteins. Intrinsically disordered proteins
(IDPs) do not form a fixed three-dimensional (3-D) structure under physiolog-
ical conditions, either in their entireties or in segments or regions. We define an
IDP as a protein that contains at least one experimentally-determined disor-
dered region. Although lacking fixed structure, intrinsically disordered proteins
and regions carry out important biological functions, being typically involved
in regulation, signaling, and control. Such functions can involve high-specific-
ity-low-affinity interactions, the multiple binding of one protein to many part-ners, and the multiple binding of many proteins to one partner. These three
features are all enabled and enhanced by protein intrinsic disorder. One of
the major hindrances in the study of IDPs has been the lack of organized infor-
mation. DisProt was developed to facilitate IDP research by collecting and
organizing knowledge regarding the experimental characterization and the
functional associations of IDPs. In addition to being a unique source of biolog-
ical information, DisProt opens doors for a plethora of bioinformatics studies.
DisProt is openly available at http://www.disprot.org.
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Synergistic Folding and Binding of Two Intrinsically Disordered Proteins
Debabani Ganguly, Jianhan Chen.
The nuclear coactivator-binding domain (NCBD) of CREB binding protein is an
intrinsically disordered protein (IDP), which exists as molten globule like struc-
tures in the unbound state. As one of the most folded IDPs, NCBD folds syner-
gistically with another IDP, activator for thyroid hormone and retinoid receptor
(ACTR) of the p160 steroid receptor. A topology-based Go-like coarse-grained
protein model has been used to investigate the mechanism of the NCBD:ACTR
interaction. The simulation results support a largely cooperative mechanism for
the folding of the two IDPs. Specifically, while the binding induced folding fol-
lowsmultiple pathways, thea2 helix ofACTRmost frequently initiates the bind-
ing by interacting with a preformed structural motif of NCBD, where the a2 and
a3 helices of NCBD are mostly folded and correctly packed. This initial binding
is followed by the binding and folding of rest of the helices of both IDPs in
a highly cooperative fashion. This is consistent with the importance of the disor-
dered leucine-richmotifs in specificity of NCBD:ACTR established by previous
biochemical and biophysical data, and further supported by unpublished mass
spectroscopy data from David Weis’s lab. Compared to ACTR, folding of
NCBD appear to mostly involve assembly of pre-folded of a1 and a2 helices,
and only a3 folding appears to be initiated by ACTR binding.
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Understanding Disordered Protein Sub-Groupings by Four-Quadrant-
Plot Derived from Vsl2 and Charge-Hydropathy Plot Disorder Prediction
Fei Huang.
Intrinsically disordered proteins do not fold under normal physiology condi-
tions. Proteins can be fully structured, full disordered, or partially disordered.
Because of the non-folding and flexibility exhibited by disordered proteins,
they carry out quite distinguishable functions from fully structured proteins.
However, in reality, it is difficult to place a binary conclusion about a protein
as disordered or ordered, because the protein can have both structured and
disordered domains. Therefore, we employed the differences of attributes
in disordered protein predictors to further categorize disordered proteins
into three sub-groups. Each group is shown to contain proteins with their
own structural and functional features. According to our grouping method,
one sub-group of disordered proteins is specialized for nucleotide binding.
Another sub-group, hypothesized as collapsed disordered proteins, is highly
involved in cell signaling regulations. Meanwhile, the extended disordered
group is shown to be important for cell division. Interestingly, the second
group is only abundant in multi-cellular organisms, especially in vertebrates.
Their regulatory functions play important roles in cell differentiation and
organism development.
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Prediction of Binding Sites on Intrinsically Disordered Proteins
Russell C. Goodman, Theresa L. Beaty.
Many of the methods for analyzing intrinsically disordered proteins (IDPs) to
date have been limited to sequence analysis that attempts to predict intrinsically
unstructured regions of proteins. However, our research is based on developing
algorithms for predicting ligand binding sites and the associated secondary
structure of these binding sites in IDPs. Our algorithms are founded on param-
eters determined through a statistical method. This method used bound IDP
structures in the Protein Data Bank to calculate the frequency of amino acids
occurring at the binding regions of eight nucleic acid binding IDPs. Our prim-
itive sequence composition algorithm for predicting binding sites, SeqCom,
predicts, on average, 83.2 percent of the binding sites with 47.0 percent of
the binding sites predicted representative of the native binding regions. To
improve binding site prediction, we developed IUPattern. IUPattern works
on the same principles as SeqCom, but it uses additional constraints to better
decipher between native and non-native binding sites. IUPattern predicts, on
average, 90.2 percent of the binding sites with 55.0 percent of the binding sites
predicted correctly correlating the native structure. Currently, we are finalizing
a dynamic programming algorithm which predicts binding sites and secondary
structure on nucleic acid binding IDPs. This algorithm incorporates an anno-
tated sequence to show our confidence in the predictions.
